Excessive diazinon residue in vegetables can endanger human health. Therefore, a simple, fast, and accurate method is needed to detect residue. A conductometric biosensor is a good choice because it also offers high selectivity and sensitivity. The principle of detection of the conductometric biosensor is based on enzymatic hydrolysis of diazinon into O,O diethyl phosphorothiate,2-isopropyl-6-methylpyrimidin-4-ol, and H + catalyzed by organophosphate hydrolase (OPH). The optimum amount of organophosphate hydrolase added to the screen-printed carbon electrode (SPCE) modified with BSA-glutaraldehyde is 118.5 µg, while the optimum pH is 8.5. This biosensor has a response time of 30 sec, a linear dynamic range of 0 to 1 ppm, sensitivity of 42.21 µS/ppm, and limit of detection of 0.19 ppm.
Introduction
Diazinon is an organophosphorus compound widely used as a pesticide. Excessive use of diazinon can leave residues that endanger human health. It can inhibit acetylcholine esterase activity in the nervous system, which leads to serious symptoms and death [1] . Therefore, determining the diazinon residual concentration in agricultural products is important.
General methods for determining the concentration of diazinon and other organophosphorus compounds are gas chromatography (GC) and high-performance liquid chromatography (HPLC). However, these methods require high operation cost and complicated optimization. A biosensing method using a biosensor overcomes the disadvantages of GC and HPLC. A biosensor offers many advantages: It is highly selective and sensitive, easy to use, fast, and portable [2] [3] .
A biosensor is a device incorporated with biological sensing elements (enzymes, antibodies, microbes, etc.) that are connected to a transducer. Depending on the transducer, biosensors are electrochemical, optical, piezoelectric, or thermal. The most common biosensor used for determining organophosphorus compound concentrations is the electrochemical biosensor. Electrochemical biosensors are potentiometric, amperometric, field effect transistor (FET), or conductometric. We used a conductometric biosensor because it has a small electrode, has good sensitivity, does not require an alternating current (AC) power supply or a standardized reference electrode, and has the potential to be produced in large scale due to its low cost [3] [4] [5] [6] .
Diazinon concentrations are determined based on conductance measurements when diazinon hydrolyzes into O,O diethyl phosphorothioil, 2-isopropyl-6-methylpyrimidin-4-ol [5] , and H+ catalyzed by organophosphate hydrolase (OPH). OPH is immobilized on the surface of the electrode so it can be used multiple times.
In this research, the OPH immobilization method is adsorption. This method is simple and does not significantly change the activity of OPH [6] . The immobilization medium for this method is a screenprinted carbon electrode (SPCE) modified by bovine serum albumin (BSA) and glutaraldehyde (GA) [7] [8] [9] [10] [11] . OPH is immobilized at the negative pole of the SPCEs because the target molecule of measurement is H + (because H + provides the highest conductivity compared to other ions).
Temperature, pH, and the amount of the enzyme influence enzyme activity. Therefore, they also affect biosensor performance. The optimum temperature and pH for free OPH is 50-55 °C and 9, respectively [12] . However, immobilized OPH has different optimum conditions [13] . In this study, the temperature remained constant at room temperature to avoid excessive evaporative losses during the course of the experiment and ease of operations [13] . The main objectives of this research are to study the effect of pH and the amount of enzyme on the biosensor performance as well as analyze the biosensor at optimum conditions. The amount of enzyme was studied at the biosensor constructing stage while the pH was studied during the characterization of biosensor. The second objective of this research was to see whether this device is applicable in vegetable samples.
Experiment
Reagents and materials. Diazinon, glutaraldehyde, NaOH, tris (hydroxyl methyl amino methane), concentrated HCl, CuSO 4 4 , yeast extract, bovine serum albumin, and organophosphate hydrolase isolated from Pseudomonas aeruginosa based on reported protocols were used [14] .
Construction of biosensor. About 10 µL of BSA (5% w/v) was added on the SPCE surface and then 10 µL 0.1% (v/v) glutaraldehyde was added. The SPCEs were dried in the oven at 40 o C for 1 h, and then cooled at ambient temperature for 10 min. Afterward, 39.5 µg of OPH was added on the membrane surfaces (BSA+ glutaraldehyde) and stored in the refrigerator for 24 h. The same procedure was repeated for adding 79.0, 118.5, 158.0, and 197.5 µg OPH. The unmodified SPCE was connected to the positive pole of the multimeter. Meanwhile, the modified SPCE (BSA + glutaraldehyde + enzyme) was connected to the negative pole of the multimeter.
Measurement of solution's conductance. The biosensor electrodes were immersed in standard diazinon solutions (which ranged from 0 to 1 ppm) or sample solutions. Then, the resistance was measured every 15 sec for 1 min. The resistance was then converted into conductance. The optimum experimental conditions and characterization of the biosensors were determined from the measurement results.
Results and Discussion
Construction of enzyme biosensor. Several factors that influence biosensor performance can be studied at the biosensor manufacturing stage. One factor is the amount of OPH added to the surface of the BSAglutaraldehyde membrane. The effect of the amount of OPH on the biosensor performance is determined by evaluating the sensitivity of the biosensor with different amounts of OPH. Sensitivity shows the change in signal per unit change in the amount of analyte. A biosensor with higher sensitivity can distinguish the signal between two different samples better than a biosensor with lower sensitivity. The sensitivity calculations are summarized in Table 1 .
Biosensor A (without enzyme) has the lowest sensitivity, which indicates that the conductance is relatively constant although there are increases in diazinon concentration. This phenomenon proves that OPH plays an important role in the enzyme biosensor.
The increased sensitivity from biosensor B to D is attributed to the increase in the amount of OPH. The increase in the amount of enzyme by two times (from B to C) should be followed by an increase in sensitivity by 
Equation (3) shows that increasing the amount of enzyme increases the hydrolysis rate of diazinon. In this study, the conductance measurements were performed in the same time frame. Thus, at the same diazinon concentration, the signal produced by a larger amount of enzyme will be greater than a smaller amount. Consequently, the sensitivity would have been increased by two times. However, the results show that the increase in the amount of enzyme is inconsistent with the increase in sensitivity. The cause of this problem is probably the inhomogeneous pore size of BSAglutaraldehyde (Fig. 1A) . Even though almost all of the surface of BSA-glutaraldehyde is covered by OPH (Fig.  1B) , it does not guarantee that all the OPH molecules added at the surface are immobilized. This phenomenon weakens the signal produced, leading to a decrease in performance.
Increasing amounts of OPH should increase the sensitivity (even though the increment is inconsistent). However, that logic is not necessarily true. The performances of biosensor E are lower than biosensor D although biosensor E has more enzyme. This phenomenon shows that an excessive amount of enzyme can inhibit the diffusion of the diazinon hydrolysis product to the transducer. The signal produced weakens, thus leading to a decrease in performance.
The biosensor with the best performances was biosensor D, with sensitivity of 22.89 µS/ppm. Therefore, the optimum amount of OPH is 118.5 µg. This amount was used as the dependent variable to characterize the biosensor.
Characterization of biosensor. The acidity level (or pH) causes a change in OPH activity [12] . Therefore, pH also affects biosensor performance. The biosensor's sensitivity at pH 7.5 to 9.5 is shown in Table 2 . The lowest performance occurred at pH 7.5. The optimum pH was 8.5 although it had lower sensitivity than pH 9.0. pH 8.5 has a better standard deviation than pH 9.0.
Changes in pH affect biosensor performance in two ways. The first is the nature of diazinon itself. The hydrolysis rate constant of diazinon can change due to the change in pH. The hydrolysis rate constant increases abruptly at pH > 10.0 and pH < 4.0 [5] . Therefore, the effect of the nature of diazinon at range 7.5 to 9.5 contributes only a little to the change in performance.
The second is the nature of OPH. A change in pH leads 
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to a change in charge distribution [15] because there are many amino acid residues with different pKa. The change in charge distribution can affect the geometric structure of the enzyme [16] , especially the structure of an active site. Altered active sites affect OPH activity, and thus the biosensor performance.
The optimum pH for analysis is 8.5 instead of 9.0. It has a sensitivity of 29.35 µS/ppm with a standard deviation of 2.02 µS/ppm. The optimum pH shifted from 9.0 (free OPH [12] ) to 8.5 shows that immobilization can affect structural changes in OPH. Therefore, pH 8.5 was used to analyze organophosphate concentrations in vegetables.
Application of biosensor. Biosensors must be characterized at optimum conditions before being applied in vegetable samples. One purpose is to construct a calibration curve for determining the concentration of diazinon in vegetables. The enzyme biosensor was characterized using a biosensor with 118.5 µg of OPH at pH 8.5. The performance parameters (at optimum conditions) were response time, linear dynamic range, sensitivity, and limit of detection [13] .
The response time was 30 s. Therefore, the measurement must be performed at least 30 s before the signal is recorded. Linear dynamic range, sensitivity, and limit of detection were determined by signals that showed at least 30 s. Sensitivity of biosensor was 42.21 µS/ppm, so it can distinguish a 0.1 ppm difference by about 4 µS conductance change. The degree of confidence used in this study was 99.87%, which is 3 times the standard deviation of the blank [17] . Therefore, the limit of detection of this biosensor was 0.19 ppm. The diazinon concentrations in vegetables are shown in Table 3 .
The vegetable with the most residue was spinach. However, this result was obtained from the solution used to immerse the vegetables, not from its leaves. The amount of residue (from the leaves) that come into human body should be less than the amount shown in Table 3 . Thus, it is very important to wash vegetables before eating or cooking them. The amount of residue in 
Conclusions
The construction of a biosensor is affected by the amount of OPH added on the SPCE-BSAglutaraldehyde, while the biosensor is affected by the pH of the buffer. The optimum amount of enzyme and optimum pH are 118.5 µg and 8.5, respectively. This conductometric biosensor has a response time of 30 sec, a linear dynamic range of 0 to 1 ppm, sensitivity of 42.21 µS/ppm, and limit of detection of 0.19 ppm. The biosensor can detect diazinon residues in all vegetables except cabbage.
